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electronic devices offer the advantages of (1) higher performance (eliminating

the deleterious effects of grown interface), (2) greater control and repro-

ducibility, and (3) compatibility with planar processing techniques, Selec-

tively implanted FET's and resistors using Se and Si are well established

technologies at Rockwell via the GaAs digital IC and the microwave FET programs.

However, very little work has been performed up to now on implanted GUnn/TELD

devices. -)6ulfur implanted/diffused Gunn devices with higher current drop

ratios at lower nt products than epitaxial counterparts were reported Sulfur

as an n-type implant diffuses rather easily, and a combination implant/diffusion

was used in that work to achieve the necessary depths to t ̂ - 1 Im although

the doping profile was very broad.

In our work, we have used doubly-ionized Si at 390 keV to achieve deep

implants to depths of ^- 0.8 pm. Silicon has the advantages of being effec-

tively immobile at the maximum laser growth/processing and implant anneal/

activation temperature anticipated at 1 850*C. Flat profiles were achieved

by using a triple-implant schedule including the one S"+ and two implants

using S+ . Reproducible deep-implant profiles were achieved in a total of

12 wafers, 6 each from a Rockwell in-house grown LEC (Liquid Encapsulated

Czochlralski) and 6 from a commercial vendor, Crystal Specialties. Implant

depths to "" 0.8 um at two carrier concentration levels n "- 3 x 1016/cm3 and

n -- 7 x 10 16/cm were investigated. Mesa Gunn devices fabricated from these

wafers yielded current drop ratios in the range 30 to 40%. These results

are already compatible with the integrated transmitter design requirements.

However, selective implantation using suitable masks needs to be developed

for planar TELD development. Thick photoresist, metal/nitride, and SnO2 (a

transparent electrode material) are currently being investigated.

The integrated transmitter mask set design was completed. A nine-level

mask set compatible with the formulated processing/fabrication schedule and

the chip layout was designed and submitted to Electromask, Inc., for mask

generation. Extra mask sets for fabricating the laser portion await decision

on the final laser structure. 1
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Laser Development

During this period, some improvements of the TJS lasers were obtained

by using a spin-on Zn-doped SiO 2 film (from Emulsitone) as a diffusion source.

A rotation speed of 3,000 rpm produced on the wafer an -' 0.3 jim film. After

it was baked at 120'C for 15 minutes, diffusion was carried out at 850 0C in

a flowing argon atmosphere for - two hours. For a 200 uM cavity length

device, the threshold current was reduced to ^v 90 mA. Other undesirable

aspects of the laser remained unimproved.

Because of disappointing results obtained in the TJS structure, our

diffusion efforts were partially directed toward the diffused stripe laser

structure. The grown DH structure was similar to that used in the TJS laser

fabrication except that the doping of the active layer was changed to p-type.

Four um stripe widths were etched in the deposited Si3N4 mask. Diffusion

was made at 650'C for 15 minutes and 850*C drive-in for one to two hours.

The above diffusion schedule brought the diffusion front to the active region

with a well controlled width of ", 4 um. Thresholds as low as 40 mA were

observed. The typical room temperature cw threshold of a 230 Jim length diode

was 60 mA. Good linearity and kink-free light/current characteristics

were obtained up to at least three times Ith* External differential quantum

efficiency was 28% per facet. Power level was 3 mIV at 70 mA. Single

longitudinal and transverse modes were observed in a wide range of current

levels. Good lateral current confinement was partly due to the minimization

of leakage to the top GaA1As layer by the presence of the isolating p active

layer.

Although we have demonstrated the high performance of the above diffused

stripe lasers on the n-type substrate, it requires certain modification

before it can be incorporated in the integrated transmitter fabrication.

We will access this feasibility in the next quarter.

B. CIANGE IN KEY PERSONNEL:

No change.

-3-



'L Rockwell International

MRDC41081.2RD

C. SUI4aRY OF SUBSTANTIVE INFORMATION DERIVED FROM SPECIAL EVENTS:

Program Reviews were held for Drs. Henry Taylor and Vinton Cerf. From

these reviews, it was decided to begin in the next fiscal year to address

final systems aspects of chip design and integration.

D. PROBLEMS ENCOUNTERED AND/OR ANTICIPATED:

Final Diode Laser Configuration

(1) Choice of a diffused-stripe structure over a TJS laser due to prohibi-

tively high threshold currents for the latter. Low I t -- 40 to 50 mA

demonstrated for 200 to 300 um cavity for former.

(2) Laser electrical contact pick-up for a diffused-stripe structure.

Electronic Driver Development

Key device development in the electronic driver portion is the

selectively-implanted TELD device. Process/fabrication compatible implant-

mask for S+ + 390 keV will be an important development issue. SnO2 appears

as an attractive mask material due to its relatively high density, trans-

parency, and selective-etch capability. However, its deposition character-

istics include Sn globule formation which must be controlled. Photoresist

is difficult to work with in thick layers but requires investigation.

Metal/oxide combinations are also mask alternatives which will be considered.

E. ACTION REQUIRED BY THE GOVEPNMENT:

No action required by the Government.

F. FISCAL STATUS:

(1) Amount currently provided on contract: $350,000

(2) Expenditures and comitments to date: 127,700

(3) Funds required to complete work: 222,300
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